Purpose Is there a difference in implantation and pregnancy rates between embryos transferred electively at cleavage or blastocyst stage in infertile women ≤ 38 years with at least four zygotes on day 1 post retrieval? Methods A randomized clinical trial was conducted in a single tertiary care hospital with a sample size of 194 patients in each arm for a total population of 388 women. Patients less than 39 years of age with more than three fertilized oocytes and less than four previous assisted reproductive technology (ART) attempts were inclusion criteria. Results The two groups were similar for age, years of infertility, indication to treatment, basal antimüllerian hormone and FSH, number of previous ART cycles, primary or secondary infertility, type of induction protocol, days of stimulation, total gonadotrophin dose, and estradiol (E2) and progesterone (P) levels at trigger. No statistically significant differences were found in terms of number of retrieved oocytes, inseminated oocytes, fertilization rate, canceled transfers (7.73% in blastocyst and 3.61% in cleavage stage group), and cycles with frozen embryos and/or oocytes. Although a higher number of fertilized oocytes were in the blastocyst stage group (6.18 ± 1.46 vs 5.89 ± 1.54, p = 0.052), a statistically greater number of embryos/randomized cycle were transferred at cleavage stage (1.93 ± 0.371) compared with the number of transferred blastocysts (1.80 ± 0.56), probably due to the number of embryos not reaching blastocyst stage (3.09%). The implantation rate (28.37 vs 25.67%), pregnancy rate per cycle (36.06 vs38.66%), transfer (39.66 vs 40.11%), spontaneous abortions (19.72% vs 12.00%), delivery rate per cycle (27.84 vs 32.99%), and transfer (30.17 vs 34.22%) were not significantly different between the blastocyst and cleavage stage groups. The twin delivery rate was higher in the blastocyst stage group, although not significant (42.59 vs 28.12%). The mean numbers of frozen blastocyst (2.30 ± 1.40 vs 2.02 ± 1.00) and frozen oocytes (7.09 ± 3.55vs 6.79 ± 3.26) were not significantly different between the two groups. Conclusions Fresh blastocyst-stage transfer versus cleavage-stage transfer did not show any significant difference in terms of implantation and pregnancy rate in this selected group of patients. A high twin delivery rate in both groups (35.59%) was registered, and although not significant, they were higher in the blastocyst transfer group (42.59 vs 28.12%). Our conclusion supports considering single embryo transfer (SET) policy, even in cleavage stage in patients younger than 39 years with at least four zygotes. Trial registration ClinicalTrials.gov registration number NCT02639000
Introduction

Background
Embryos from in vitro fertilization are routinely transferred into the woman's uterus at cleavage stage (days 2 to 3) or at blastocyst stage (days 5 to 6). Over the last 15 years, a constant increase in the proportion of embryo transfers (ETs) at blastocyst stage has been reported [1] . The rationale behind this trend is the demonstrated advantages of blastocyst-stage transfer over the cleavage one in terms of implantation, healthy singleton live births, and reduction in the number of multiple pregnancies, while keeping the same pregnancy rates per transfer of cleavage-stage transfers. Blastocyst-stage transfer is more physiological since it provides better embryoendometrium synchronization and consequently higher chances of implantation [2] . Secondly, it ensures the identification of embryos that have successfully initiated their embryonic genome DNA activation to occur at the eight-cell stage. Whereas, in the absence of the activation, the embryo will unlikely survive [3] . Thirdly, since embryo biopsy for chromosome screening is safer when performed after days 5-6, rather than at cleavage stage, growing embryos to the blastocyst stage is the most suitable for patients in need of genetic analyses [4] . Since 50-85% of human embryos carry chromosomal abnormalities, the blastocyst transfer after the biopsy could allow for the removal of genetically abnormal embryos prior to their transfer [5] . Although, severe critical points have been raised to the efficiency, efficacy, and clinical utility and safety of preimplantation chromosomal assessment [6, 7] . Lastly, blastocyst-stage transfer showed a significant increase in live birth rate [8] per started treatment (odds ratio [OR] 1.48, 95% confidence interval [CI] 1.20-1.82). The reason why the blastocyst-stage transfer has not fully replaced the transfer of cleavage-stage embryos is because the delayed transfer still shows some disadvantages. One disadvantage, blastocyst transfer does improve the odds of transferring a viable embryo [9] , however it does not guarantee euploidy since chromosomally abnormal embryos are still able to become blastocysts [4] . Second, by committing to embryo transfer at blastocyst stage, there is a risk of losing some embryos because of the difference between the in vitro culture and uterine environment. These embryos might not survive the challenges of extended culture, but might have survived in vivo if transferred on day 3. The consequence of this disadvantage is a lower cumulative pregnancy rate (i.e., number of births from one egg collection) in blastocyst-stage transfers compared with cleavage-stage ones [2, 10] . Third point is blastocyst-stage embryo transfer [11, 12] has been demonstrated to be associated with an adjusted higher relative risk (95% CI) of preterm (< 37 weeks) birth (AOR 1.32 [1.19 to 1.46]), but there was no difference in the adjusted odds for very preterm births (VPTBs), low birth weight (LBW), and very low birth weight (VLBW) and an increased rate of largefor-gestational-age newborns was found compared with those resulting from cleavage-stage embryos [13] . In 2013, a systematic review and meta-analysis of obstetric and perinatal complications in singleton pregnancies after the transfer of blastocyst-stage and cleavage-stage embryos reported that embryo transfer (ET) at the blastocyst stage was associated with a higher relative risk (RR; 95% confidence interval [CI]) of preterm (RR 1.27; 95% CI 1.22-1.31) and preterm delivery (RR 1.22; 95% CI 1.10-1.35) in comparison with those resulting from the transfer of cleavage-stage embryos and the risk of growth restriction was lower in babies conceived through blastocyst transfer (RR 0.82; 95% CI 0.77-0.88). However, the authors of the study were not able to adjust for the confounders [12] and a recent paper reported that the risks of preterm and highly preterm births increased after fresh blastocyst transfers versus the risks after fresh cleavage-stage embryo transfers [14] . Although, with frozen embryo transfers, there were no differences. Blastocyst embryo transfers resulted in high risks of infants who were large for their particular gestational age, and cleavage-stage embryo transfers resulted in high risks of infants who were small for their gestational age [14] .
Finally, the odds of congenital anomalies have been reported to be significantly higher for babies born after embryo transfer at blastocyst stage (1.29, 95% CI 1.03 to 1.62), except for a small number of cases [11, 15] . Therefore, taking into consideration the pros and cons of these two transfer modalities, new studies are needed to clarify whether a real superiority of blastocyst-stage embryo transfer does exist over the cleavage stage one. Our Center, after most of the assisted reproductive technology (ART) restrictions have been removed in our country [16] [17] [18] , decided to freeze, in most of the cases, only embryos at blastocyst stage to reduce the number of frozen and unused embryos. In addition, we have implemented a policy of single warmed blastocyst transfer (SET) together with a progressive reduction of the number of fresh embryos transferred. Here, we report a prospective randomized study analyzing cleavage-stage vs blastocyst-stage double embryo transfer (DET) in a selected group of patients. Since May 2009, most of the non-transferred embryos at cleavage stage are cultured until days 5-6 and frozen by vitrification. In order to reduce the number of supernumerary frozen embryos in good prognosis patients, not all the mature oocytes are inseminated/injected and are frozen by vitrification [19, 20] .
Methods
Eligibility criteria
Patients with a diagnosis of primary or secondary infertility with a clinical indication for IVF/intracytoplasmic sperm injection (ICSI), and under 39 years of age were enrolled in the study and randomized to cleavage-(CS) or blastocyst-stage (BS) transfer if they had more than three fertilized oocytes (zygotes) the day after insemination/injection. Couples with three or more failed previous IVF/ICSI cycles were excluded based on our previous quality performance analysis as a reduced prognosis population [18] . Couples involved in other clinical or embryological trials or at high risk for ovarian hyperstimulation syndrome (OHSS) were also excluded.
This trial was designed to review our results and internal policy to implement the number of SET, after a long period in which even in very young patients three embryos had to be transferred if available, due to legal restrictions to embryo freezing [16] .
Interventions
All enrolled patients underwent a stimulation treatment for IVF/ICSI, and oocyte retrieval was performed with transvaginal ultrasound (TV-US) guidance under deep sedation. On day 1 after retrieval, patients were randomly assigned to one of the two study groups by the embryologist in charge, if they matched the inclusion criteria of at least four fertilized oocytes. For patients in the cleavage-stage group, two embryos at cleavage stage were transferred, while for the ones in the blastocyst-stage group, two blastocysts were transferred, when available. In both cases, the embryo transfer was performed under TA-US guidance using a soft catheter by professionals with a minimum of 6 months of training.
Objectives
Primary end point
A comparison was made between the probabilities of embryo implantation and pregnancy after ET of two embryos at blastocyst stage (day 5-6) and the same probabilities after ET two embryos at cleavage stage (day 2 or 3) in women ≤ 38 years of age after cycles of IVF or ICSI and ET because of couple infertility.
Secondary end points
Whether a higher rate of twin pregnancies does exist among patients with ET at blastocyst stage was observed, which may justify, in the near future, a shift towards a single-blastocyst transfer instead of a two-blastocyst ET even in fresh embryo transfers. An investigation was made if blastocyst transfer reduces the number of frozen blastocysts.
Pregnancy outcomes, delivery and abortion rates, and fetal or perinatal anomalies were also evaluated.
Outcomes
The primary outcomes evaluated were implantation and pregnancy rates in the two groups. The secondary outcomes investigated possible differences in multiple pregnancy rate, delivery rate, and pregnancy outcome between blastocyst-stage and cleavage-stage groups. Pregnancies were followed until the end of the perinatal period (28 days after delivery).
Sample size
Based on our preliminary experience and available data when the study was designed [21, 22] , an expected pregnancy probability of 32% for cleavage-stage ETs and of 47% for blastocyst ones was calculated; considering a one-tailed alpha error of 5% and a power of 90%, a total of 194 patients in each arm for a total population of 388 women were needed. An ad interim analysis was performed when one third of the total study population had been recruited. These two treatments were considered significantly different only with a p < 0.0007.
Randomization
Patients were enrolled by the gynecologists during the first encounter before the start of the follicular stimulation cycle. A block randomization was performed, and the randomization sequences were generated by the biostatistician on an Excel file. The allocation concealment was not performed. Patients were assigned to the study groups by the embryologist on day 1 after fertilization. Blind assignation was not possible, even if the embryologist was blinded of the block allocation until the time of randomization. Open block randomization was performed with the embryologist in charge following the order of randomization, blind to the clinical staff.
Statistical methods
All the data are expressed in numbers and percentages or means and standard deviations whenever appropriate. The analysis has been carried out for all the randomized patients; data have been analyzed with Stata 13.0 (2013, StataCorp, Texas, USA). The pregnancy probability between the two groups is compared with a χ 2 , test and the secondary end points in the two groups are compared using a χ 2 test or Wilcoxon test, where appropriate. Due to the long period of enrollment, all analyzed p values were time corrected. The results of the ad interim analysis are considered significant with p < 0.0007, those of the final analysis with p < 0.049. Our center maintains an external audit anonymized electronic research query system, exported from our certified-only access web database, which at the time of this analysis included 25,911 consecutive fresh non-donor IVF cycles and 4792 frozen embryo cycles. Patients who underwent these cycles had consented in writing that their medical records could be used for research purposes, as long as the patients' anonymity was protected and confidentiality of the medical record was assured. The study protocol and specific consent form have been approved by our Ethical Committee on June 24, 2010.
Results
The patients' flow through all the study stages, from enrollment to follow-up, is shown in Fig. 1 . Nine hundred ninetytwo couples were assessed for eligibility, 604 were excluded, 246 (24.80%) not meeting the inclusion criteria were excluded, and 358 (36.09%) refused to participate. Three hundred eighty-eight were randomized (194 in each group). In the blastocyst group, 179 underwent the transfer and 15 did not (7 for OHSS risk, 6 for failed fertilization or cleavage, 2 for other reasons). In the cleavage stage group, 187 received transfer and 7 did not (6 for OHSS risk, 1 for other reasons). Three hundred eighty-eight cases were fully analyzed.
The enrollment and follow-up period lasted from July 15, 2010, to March 3, 2016 . Among the included patients, no one was lost at follow-up nor excluded from the analysis. The baseline data recorded for each patient at the moment of enrollment are reported in Table 1 . According to the inclusion criteria, the study population consisted of quite good prognosis patients: young age (mean 33.4 ± 2.9 years), low basal FSH (mean 6.80 ± 2.16 ng/mL), high antimüllerian hormone (AMH), and antral follicular count (AFC), 3.38 ± 3.02 ng/mL and 11.75 ± 7.21, respectively. Two hundred eighty-one (72.42%) females were younger than 35 years, 237 (61.08%) were at their first ART attempt, and none had previous deliveries after ART. No statistically significant difference was found between the two groups in terms of age, years of infertility, basal AMH and FSH, AFC, number of previous ARTcycles, and primary or secondary infertility. Only the BMI variable shows a mild discrepancy between the blastocyst group and the cleavage-stage one: a BMI of 21.7 for the first and of 22.2 for the second group with a p value of 0.030. The etiologies of infertility and the indications to ART were similar between groups. The only variable showing a higher prevalence, although not significant, between blastocyst-group women than among cleavage-group ones is endometriosis (6.7% for the blastocyst group and 1.6% for the cleavage-stage one), although they represent only 4.12% of the studied population. Table 2 reports all the main ARTcycle characteristics, and in this case, the groups were homogeneous in terms of induction protocol and length, total dose of gonadotropins, estrogen and progesterone levels on trigger day, semen quality, total number of retrieved oocytes per patient and of inseminated ova, fertilization rate, percentages of immediate transfers and of cycles with frozen embryos or oocytes (according to our internal protocols, we never inseminate more than 8-10 mature oocytes in this population), and absolute number of frozen embryos and oocytes. The antagonist protocol was the one of choice in more than 60% of cases. No cycles were suspended due to a premature rise of progesterone level in this series. No differences were found in culture . Both groups had a good response in terms of number of retrieved and mature oocytes. Male factor was the main indication to treatment in 192 (49.49%) couples, and in 27 cycles (6.96%), testicular frozen sperm was used. No differences were found in the mean total sperm count, progressive motility, normal forms, and number of cycles with frozen testicular sperm ( Table 2 ). The semen quality observed the day of oocyte retrieval was on average good; however, for the vast majority of patients, intracytoplasmic sperm injection (ICSI) procedure was preferred.
The fertilization rate was similar in both groups (81.2% for the blastocyst group and 80.2% for the cleavage-stage one), with a slightly, not significant, higher number of fertilized oocytes in the blastocyst arm (6.18 and 5.89, respectively, with p = 0.052).
One hundred eighty-four (47.42%) cycles had at least one top-quality embryo as scored on day 2 by the Istanbul criteria [23] , 45.88% in the blastocyst group, and 48.97% in the cleavage-stage group, not significantly different between the two studied groups.
A significantly greater (p = 0.002) mean number of embryos/ randomized cycles was transferred at cleavage stage (1.93 ± 0.37) compared with the number of transferred blastocysts (1.80 ± 0.56), explained by the lower percentage of embryos developing invitrouptotheblastocyststageascomparedtoembryosreaching the third day post fertilization. The cleavage-stage group had more supernumerary embryos to cryopreserve than those in the blastocyst arm (129/194 patients against 110/194 in the blastocyst group), with 2.02 ± 1 and 2.3 ± 1.4 of cryopreserved embryos, respectively, but this difference was not statistically significant (66.49 vs 56.70%). No statistical difference (Table 2) was found in the number of vitrified oocytes between the two groups (7.09 ± 3.55 vs 6.79 ± 3.26 (p = 0.692). Thirty-two patients in the cleavage stage and 32 in the blastocyst group were younger than 35 years, were at their first ART attempt, had at least one topquality embryo (G2 grade 1), and comprised 16% of the patients, considered favorable outcome by the 2017 ASRM criteria [24] .
Primary and secondary outcomes are shown in Table 3 . The implantation rate (%) was 28.37 ± 39.00 in the blastocyst group and 25.67 ± 34.96, p = 0.741, in the cleavage-stage group (Table 3) , and the pregnancy rate was 36.60 vs 38.66%, p = 0.753. No statistically significant differences were found in implantation and pregnancy rates, between the two groups.
The prevalence of multiple pregnancies (twins) is high in both groups although not significantly different, with 26 and no monozygotic twins were observed as defined by early transvaginal ultrasound criteria [25] . No statistically significant differences were observed for ectopic pregnancies, spontaneous and therapeutic abortions for fetal anomalies, male/ female ratios, gestational age, and birth weight at delivery and neonatal anomalies both in single than in twin pregnancies (Table 3) .
Adverse events
Few particular adverse events have been reported: only two episodes of gastroenteritis during the stimulation cycle and one case of stenosis of the internal cervical OS complicating the embryo transfer. In terms of congenital malformations, one case of diaphragmatic hernia was reported in a twin pregnancy and one of polydactyly, both in the blastocyst-stage transfer group.
Discussion
Fresh blastocyst-stage transfer versus cleavage-stage transfer did not show any significant difference in terms of implantation and pregnancy rates in this selected group of patients. As worldwide reported, embryo transfer at blastocyst stage is increasing consistently over the years, reaching almost one third of all the transfers performed nowadays [26] . At the same time, as summarized by the Cochrane [2] systematic review This study is actually one of the largest to our knowledge with such homogenous inclusion criteria, even if different from what is generally stated in terms of good-prognosis patients [27, 28] . Our data, in contrast with the latest literature, show no statistically significant differences in terms of implantation rate and pregnancy rate. At the same time, there were no significant differences in the two groups in terms of cycles with no embryos for transfer and in terms of the number of frozen oocytes and frozen blastocysts.
Nowadays, reproducibility is one of the main topics of discussion in scientific papers worldwide [29] . Much less attention has been paid until now to the issues involved with reporting negative results, particularly when seeming to refute a previous positive report or reports [30] , stressing possible bias that could explain the absence in our results of evidence between different stages of embryo transfer.
In our report, the prevalence of multiple pregnancies, instead, is higher, although non-significant, in the group of blastocyst-stage transfer: 26/71 pregnancies (40%) for blastocyst and 22/75 for cleavage stage (31.88%). This is in line with the report of the National ART Surveillance System (NASS) for the year 2012 in the USA [26] : the transfer of two fresh blastocysts represents one of the four groups at higher risk for multiple pregnancies. This investigation was approved by our Ethical Committee in June 2010 when the last ASRM guidelines recommended [27] to transfer in favorable couples (first cycle of IVF, good embryo quality, excess embryos available for cryopreservation, or previous successful IVF cycle) the following: < 35-year-olds, one to two cleavage-stage embryos, one blastocyst; 35-37-year-olds, two cleavage-stage embryos or two blastocysts; 38-40-yearolds, three cleavage-stage embryos or two blastocysts; and more embryos in other conditions. Long after starting randomization, the ASRM practice committee [27] recommended limits on the number of embryos to transfer as two for cleavage-stage embryos in favorable prognosis and three embryos in all others, and two blastocysts in favorable prognosis and three in all others for women aged 35-37. In women 38-40, the number of recommended cleavage-stage embryos was three or four and two or three at blastocyst stage. Therefore, even 3 years prior to the 2013 ASRM recommendations [27] , our policy was to reduce the number of embryos transferred. In this RCT, our criteria were more restrictive than the ASRM 2013 (favorable 1 first cycle of IVF, good embryo quality, excess embryos available for cryopreservation, or previous successful IVF cycle). The April 2017 ASRM statement [24] was published after our trial had been concluded. Still, our criteria were more restrictive than those proposed by the ASRM for SET (beside young age, the following characteristics have been associated with a favorable prognosis: (1) anticipating one or more high-quality embryos available for cryopreservation; (2) euploid embryos; and (3) previous live birth after an IVF cycle). Some differences, although not statistically significant, were found in gestational age and the birth weight that could be explained by the prevalence of twin pregnancies in the blastocyst transfer group.
An important limitation of this study is the length of the study itself: it took 6 years to be completed, meaning that some protocols and culture techniques may have changed over time, although multiple regression analysis did not find a time-related difference in the studied population. Recruitment was particularly difficult even if 15.049 IVF/ ICSI cycles were performed in the period 2010-2016, but with a female partner mean age of 37.02 ± 4.00 and 48% of couples with more than three failed previous attempts in our or other centers. Moreover, 992 patients were assessed for eligibility, but 664 had to be excluded, 246 not meeting the inclusion criteria (4 zygotes), and 358 refusing to participate after detailed and repeated protocol explanation. A second point to be underlined is the one of the ad interim analysis: although this analysis had brought very similar results that were expected for the final analysis, the investigators decided nonetheless to complete the protocol. This decision was taken in the perspective that the continuation of the study would have caused no detrimental effects to the patients. Although our protocol includes single blastocyst vitrification and warming, double embryo transfer is still routinely performed in fresh transfers in this group of patients and single blastocyst transfer in blastocyst transfer is still an option few patients accept even if strongly counseled by the clinical staff.
Another limitation is that this study took into consideration only the first fresh transfer per patient: as recently stressed, the analysis of cumulative pregnancy rate per started cycle [31] gives a wider picture and the best evidences to support a therapeutic approach. It is possible, although not considered in our results, that both groups could have similar cumulative pregnancy rates, since there was no statistical significant difference in cycles with elective supernumerary oocyte or blastocyst vitrification.
In conclusion, in our experience no differences exist between cleavage-and blastocyst-stage fresh transfer strategy in women less than 39 years and with at least four zygotes on day 1 post fertilization. A very high twin delivery rate was observed in both groups with an impressive higher rate, although not significant in the blastocyst-stage group, supporting a stronger work for patients' acceptance of a general SET policy even in a population with a wider than strictly stated for favorable prognosis.
